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SUMMARY

1. Electrophysiological techniques have been used to locate the origin of
preganglionic vagal motoneurones supplying the heart of the cat.

2. The right cardiac vagal branches were identified anatomically and
their ability to slow the heart was assessed by electrical stimulation. Con-
trol -experiments revealed that contamination of cardiac branches by
bronchomotor and oesophageal efferent fibres was likely to be small.

3. Fifty-seven neurones in the medulla were activated antidromically on
stimulating the cardiac branches at up to 5 times the threshold for cardiac
slowing. They had axons with conduction velocities between 3 and 15
m/sec, corresponding to B fibres.

4. None of these were located in the region of the dorsal motor nucleus of
the vagus, in spite of repeated sampling there, but all were located in the
region of the nucleus ambiguus. Histological examination of marked
neurones (forty-six of the fifty-seven neurones) revealed that they were
associated with its principal column, rostral to the obex.

5. Sampling motoneurones of the dorsal motor nucleus revealed that
most sent axons down the thoracic vagus below the cardiac branches.
Only three of thirty-three could be activated antidromically by high
intensity stimulation of the cardiac branches, but on the basis of their
thresholds and conduction velocities, it is argued that they were unlikely
to be cardio-inhibitory neurones.

6. It is concluded that preganglionic cardio-inhibitory neurones arise
not in the dorsal motor nucleus, but in the principal column of the nucleus
ambiguus.

INTRODUCTION

The site of origin of the preganglionic vagal fibres that slow the heart
has been a matter of controversy for many years. The consensus of ana-
tomical evidence, based almost exclusively on retrograde changes pro-
duced in medullary neurones after section of the various vagal branches,
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has tended to favour the dorsal motor nucleus of the vagus close to the
floor of the IVth ventricle (for references see Mitchell & Warwick, 1955). A
notable exception to this is the observation of Szentagothai (1952) who
made lesions in the medulla of cats and looked for axonal degeneration in
the cervical and thoracic vagus and its branches. He stated that the
cardiac efferent fibres originate in the rostral part ofthe nucleus ambiguous
- the nucleus retrofacialis. Later, Calaresu & Cottle (1965) were able to find
only occasional, sparse axonal degeneration in the vagal branches to the
heart after destroying the dorsal motor nucleus.

Physiological evidence, based on stimulation of the medulla, has fav-
oured either or both vagal nuclei (e.g. Miller & Bowman, 1915; Chiurugi
& Mollica, 1954; Calaresu & Pearce, 1965; Gunn, Sevelius, Puiggari &
Myers, 1968). However, two points must be borne in mind when inter-
preting these observations. Firstly, the dorsal motor nucleus is adjacent
to the nucleus of the tractus solitarius, where baroreceptor and other
'depressor' afferents terminate, and stimulation there produces brady-
cardia; secondly, bradyeardia will be produced by stimulation of not only
cell bodies but also of motor axons or indeed any part of a reflex pathway
exciting the final common pathway, the preganglionic vagal motoneurones.
Indeed, axons from cells in the dorsal motor nucleus pass close to the
nucleus ambiguus, and the reverse may also be the case (Cajal, 1909;
Lawn, 1964). Thus stimulus spread over even short distances may give
rise to quite misleading results.
The present study was undertaken in an attempt to define the site of

cardiac vagal efferent neurones directly, using electrophysiological record-
ing techniques. Use has been made of pontamine blue dye to mark the
positions of neurones antidromically activated by stimulation of the
cardiac vagal branches in anaesthetized cats. Preliminary observations
have been reported to the Physiological Society (McAllen & Spyer, 1975).

METHODS

Experiments were performed on twenty-four female cats (wt. 2-3 kg), anaesthe-
tized with either a-chloralose (70 mglkg i.v., twenty-one cats) or a mixture of a.
chloralose (35 mg/kg) and urethane (700 mg/kg I.v., three cats) after induction with
ethyl chloride and ether. Supplementary doses of anaesthetic were given ifand when
necessary, either as a small dose of the original anaesthetic or by a small dose (6 mg)
of sodium pentobarbitone. In all experiments the trachea was cannulated low in the
neck, and cannulae placed in a femoral artery and vein for the measurement of
arterial blood pressure and the administration of anaesthetic respectively.
The animal was then placed in a stereotaxic head holder and laid on its left side.

The chest was opened between the right fourth and fifth ribs and the animal was then
ventilated by means of a positive pressure respiratory pump (Harvard) connected
also to an expiratory resistance of 0-5--i cm H.0 to prevent complete collapse of
the lungs. The ventilatory minute volume was adjusted to maintain the end-tidal
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MEDULLARY CARDIOMOTOR NEURONES
C0, at 3-5-4-5%, this being monitored continuously using a Beckman LB-I C0,
meter. Hourly arterial blood samples were taken from a cannula in the second
femoral artery for blood gas analysis, and arterial HCO3- concentration was main-
tained at around 23 m-equiv(100 ml blood by i.v. injections of sodium bicarbonate
solution. The animals' temperature was maintained between 37 and 380C using an
electric blanket controlled by a feed-back circuit.

18o0aoion and identification of cardiac branches
On opening the chest, the fourth and fifth ribs were retracted to expose the upper

lobe of the right lung, which was then ligated and excised to expose the azygos vein.
This was then tied and cut to expose the thoracic vagus. The vagus was then searched
for branches coursing towards the heart. There was always at least one branch at the
level of azygos vein (caudovagal branch) and one several cm rostral to this (cranio-
vagal branch) although there were sometimes two or three of either (see Fig. 1). Each
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Fig. 1. Schematic diagram of dissection of right cardiac vagal branches.
1, trachea; 2, thoracic vagus; 3, craniovagal cardiac branch; 4, 5, caudo-
vagal cardiac branches; 6, offshoot to lung; 7, divided azygos vein; 8, lig-
ated root of upper lobe of lung; 9, superior vena cava; 10, phrenic nerve;
11, right atrium.
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of these branches was then bluntly dissected free and placed, while still intact, on a
pair of silver wire electrodes (separation 2-3 mm). The branch was then stimulated
with rectangular pulses (2-3 V, 041 msec, 75 Hz) to assess whether it contained
fibres which slowed the heart. If so, the threshold for this effect was measured.
Thresholds thus established ranged from 0 1 to 2 V with a mean of 0-6 V (thirty-
two branches). Such branches were carefully freed from offshoots that coursed
towards the lungs (see Fig. 1). Before the recording experiment the branches were
cut close to the heart and then mounted together on stimulating electrodes and
covered with wisps of cotton-wool soaked in liquid paraffin. The threshold criterion
used in recording experiments for assessing unitary responses was the highest
threshold of the branches used.

Assessing the purity of cardiac branches
In three experiments respiratory airflow and pressure were recorded. Respiratory

airflow was monitored using a Fleisch pneumotachograph attached to a Grass PT 5 A
differential pressure transducer; respiratory pressure was recorded using a pressure
transducer attached to the tracheal cannula. Oesophageal contractions were studied
in two of these experiments by means of a saline-filled balloon attached to a pressure
transducer which was advanced through the mouth to the oesophagus. These para-
meters together with arterial blood pressure and heart rate were displayed on a pen
recorder.

In these experiments the cervical vagus, cardiac vagal branches (identified as
above) and the thoracic vagus beneath the level of the azygos vein were stimulated.
Changes in airway resistance were assessed by plotting respiratory pressure against
respiratory flow using an X-Y recorder, an increase in resistance producing-an in-
creased slope of the plot. Oesophageal contractions evoked pressure changes in the
saline-filled balloon.

Recording experiments
In order to expose the medulla, the occipital bone was removed and the dura over

the cerebellum excised along the mid line. The caudal portions of the cerebellum
were removed by suction and the exposed floor of the IVth ventricle was kept moist
with warm physiological saline or liquid paraffin. The activity of medullary neurones
was recorded using techniques described in a previous paper (Lipski, McAllen &
Spyer, 1975).
Recordings were made from the region of the two vagal motor nuclei (dorsal

motor nucleus and nucleus ambiguous) throughout their rostro-caudal extent in the
medulla during stimulation of the identified vagal cardiac branches. In a second
series of experiments, cells in the dorsal motor nucleus were identified by their anti-
dromic response to stimulation of the cervical vagus, and tested for their response to
stimulation of the cardiac branches and of the thoracic vagus at a level below the
azygos vein. Responsive neurones were marked by the expulsion of pontamine sky
blue dye (Hellon, 1971). In some experiments phrenic nerve activity was recorded
in the chest using a pair of silver wire electrodes and employing conventional re-
cording techniques.
At the end of each experiment the brain was removed and fixed in 10% formol

saline. Histological preparations and the mapping of responsive units are as de-
scribed in a previous paper (Lipski et al. 1975).
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RESULTS

Controls for purity of cardiac branches
Since the validity of our observations regarding the location of cardio-

inhibitory neurones in the brain stem is dependent on the use of vagal
branches containing a relatively pure population of cardiac efferent fibres,
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Fig. 2. Effects of stimulating various vagal branches on heart, bronchi and
oesophagus. Traces from top: heart rate (H.R.), blood pressure (B.P.), oeso-
phageal pressure (o.r.), tracheal pressure (R.P.), stimulus marker, X-Yplot of
tracheal pressurev8. respiratory airflow (R.F.) (interrupted line peak: response;
continuous line: control). Effects of stimulation of (A) right cervical vagus
(10 V, 75 Hz) (B) craniovagal cardiac branch (5 V, 75 Hz), (C) caudovagal
cardiac branch (5 V, 75 Hz), and (D) thoracic vagus, caudal to azygos
vein (10 V, 75 Hz).
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a series of control experiments were done to assess the purity of cardiac
vagal branches identified as described above. Three cats were thoracto-
mized as described in the Methods, and the thoracic vagal branches
exposed. Measurements were made of lung resistance (three cats) and
oesophageal contraction (two cats) in addition to heart rate, since we
considered bronchoconstrictor and oesophageal efferents the most likely
contaminants of presumed 'cardiac' vagal branches. Fig. 2 shows records

300
._

Ei 200

02

Im7

E 125

O _

0
I
E
U

A 8

-11

a
10

L

r- F0-

nrr

I min

U

X

so"" I

0 70
R.F. ml./sec

C
Fig. 3. Effects of stimulating right cervical vague (A) before and (B) after
cutting the thoracic vagus below cardiac branches (10 V, 75 Hz). Traces as
in Fig. 2, but without oesophageal pressure.
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from one such experiment although the others gave equivalent results.
Stimulation of the cervical vagus (Fig. 2A) produced changes in heart rate
and oesophageal contraction together with an increase in respiratory pres-
sure. By plotting respiratory pressure against airflow, the increase in slope
of the 'loop' seen during stimulation of the cervical vagus (lower trace,
Fig. 2A) indicates an increase in airway resistance presumably due to
bronchoconstriction. Stimulation of the cardiac branches (Fig. 2B, C)
produced bradyeardia. Although there were minimal changes in respira-
tory pressure, there were probably the passive effects of vascular conges-
tion as they could be mimicked by clamping the pulmonary vein, and are
unlikely to represent a change in airway resistance through broncho-
constriction as the pressure-flow plot did not noticeably alter in slope
(bottom traces, Fig. 2B, C). No changes in the activity of the oesophagus
were noted.
No vagal cardiac branches would seem to arise below the level of the

azygos vein, since the fall in heart rate to stimulation of the cervical vagus
was undiminished by sectioning the thoracic vagus at this level (Fig. 3B)
and stimulation of peripheral end of the thoracic vagus gave no brady-
cardia (Fig. 2D). However, bronchoconstrictor fibres appear to branch
from the vagus largely below this level (see Figs. 2D and 3A).

In summary we believe that the contamination of cardiac branches
with bronchomotor and oesophageal efferent fibres, if present at all,
was small and unlikely to affect the conclusions to be drawn from our
observations.

Cardiac efferent neurones
Recordings were made from the medulla of cats in the region of both

vagal motor nuclei. Units were sought that could be antidromically acti-
vated by stimulation of the cardiac vagal branches identified as above.
Such units were found in the region of the nucleus ambiguus.

Cardiomotor neurones were identified primarily by the constant latency
of their response to stimulation at 2 Hz. A signal averager greatly facili-
tated the search, but results were taken only from units checked for all-or-
none responses and whose thresholds for activation could be measured.
Fig. 4 shows a record obtained from such a neurone. This unit shows a
clear inflexion on the rising phase of the spike, as has been described in
many other neurones (Eccles, 1964). The second component, which would
seem to correspond to the soma (SD) spike of Coombs, Curtis & Eccles
(1957) could be induced to fail in a proportion of responses to repetitive
stimuli (see Fig. 4B, C). Nine of the fifty-seven cardiomotor neurones
studied showed clear two-component spikes (IS-SD spikes). Otherwise,

7-2
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spikes were usually negative or negative-positive in configuration, although
a small initial positive dip was sometimes seen (Fig. 4).
Under the conditions of our experiments in which the alveolar C02 was

maintained within a range of 35-4-5 %, only sixteen neurones (28% of the
total) were spontaneously active, and then only when the animal showed
signs of spontaneous breathing as assessed by the activity of neighbouring
medullary respiratory neurones (eleven cases) or phrenic nerve activity
(five cases). In two further cases, neurones not showing spontaneous

A
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Fig. 4. Cardiac efferent unit: antidromic response to cardiac branch
stimulation. Each trace shows approximately ten superimposed sweeps.
A, stimulation at 1 Hz; B, immediately after raising stimulation fre-
quency to 10 Hz; C, response to stimulation at 10 Hz after several seconds at
this rate. Note expanded time scale.

activity were induced to fire if the alveolar C02 was raised above this
level by underventilation. Unfortunately, the activity of respiratory
(inspiratory) neurones in the vicinity often made the discrimination of the
vagal efferent unit difficult, so experiments were carried under mild hyper-
ventilation (alveolar C02 close to 3-5 %) to suppress this activity. When
present, spontaneous spikes occurring at the appropriate time with respect
to the stimulus could be seen to cancel the antidromically evoked spike
by collision (see Fig. 5). Spontaneous activity, when present, generally
occurred during expiration. This was true for all five spontaneously active
cardiomotor units recorded in preparations in which phrenic nerve activity

194



JMEDULLARY CARDIOMOTOR NEURONES
was simultaneously recorded. In the unit illustrated in Fig. 6 cancellation
of the antidromically evoked spike only occurs during expiration.
At stimulation frequencies greater than 2 Hz, units followed with an

increased (by up to 10% ) but steady, latency (Fig. 4C, D). The increased
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Fig. 5. Three successive sweeps of cardiac efferent unit activity during
cardiac branch stimulation at 2 Hz (marked by artifacts and dots). In B a
spontaneous spike occurring within the critical period cancels the normally
occurring antidromic response (A and C). (Absolute refractory period of this
unit less than 4 msec.)

latency appeared to be due not only to a delay in the invasion of the soma,
but also to a decreased conduction velocity of the axon (Fig. 4C, D, cf.
Bianchi, 1971). A qualitative assessment of this phenomenon indicates that
the slowed conduction is partly due to relative refractoriness of the axon
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(which lasts over 100 msec, Grundfest, 1939) from the previous spike, as it
was also seen for the second response to a pair of stimuli. However, part is
due to a cumulative effect that builds up during the tetanus, similar to
that seen by Brown & Holmes (1955) for C fibres. Similarly, although of
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Fig. 6. Excerpt from a 'ladder' of successive responses to stimulation of
cardiac branches at 2 Hz. Stimulus given at start of each horizontal trace.
Vertical trace: phrenic nerve activity (direction, downwards). Dots mark
two traces in which cancellation of the antidromic spike occurred.

fifteen units tested in detail, ten had an absolute refractory period less than
5 msec (mean 7-6 msec, range 3-26 msec), only two would follow several
seconds of stimulation at 200 Hz (all followed 20 Hz, nine followed
100 Hz). However, since the open chest caused the thoracic vagus and
cardiac branches to cool to approximately 30'C, and we consider this
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likely to have exaggerated the above effects, we did not attempt to analyse
them quantitatively.

Fig. 7A shows a histogram ofthe thresholds measured for cardiac efferent
neurones expressed as a multiple of the threshold for cardiac slowing
when the intact branch was stimulated. To minimize the problem of
stimulus spread, we discarded those units with a threshold greater than
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Fig. 7. A, histogram of number of medullary neurones responding anti-
dromically to cardiac branch stimulation plotted against their threshold,
expressed as a multiple of the threshold for cardiac slowing of the intact
branch. Arrow denotes level above which units were discarded because of
doubts about stimulus spread. B, histogram of conduction velocities of
cardiac efferent units (those within the threshold criteria shown above).
Uncorrected for cooling in chest (see text).

5 times that for cardiac slowing. The conduction velocities of the remaining
fifty-seven neurones were calculated assuming an intracranial conduction
distance of 1-5 cm beyond the jugular fossa. We estimate that cooling
of the nerve in the thorax gave rise to a systematic underestimation of
the true conduction velocity by approximately 10%. The uncorrected
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conduction velocities are shown in Fig. 7 B. Even allowing for this error, it is
clear that they all fall within the range of B fibres, which have been shown
to be responsible for the vagal bradycardia and negative inotropic effect
on the atrium (Middleton, Middleton & Grundfest, 1950). They are also
in agreement with the values obtained for presumed cardio-inhibitory
fibres in the cat (Kunze, 1972) and dog (Jewett, 1964; Iriuchijima &
Kumada, 1964).

Locaon
All presumed cardiac efferent neurones that fell within the criteria out-
lined above were restricted to the region of the nucleus ambiguus. Forty-
six of these (81 %) were marked by deposition of pontamine blue, and their
locations are shown in Fig. 8. The nucleus ambiguus in the cat appears
very similar to that described in detail by Lawn (1966) for the rabbit. It is
a sparse column ofmedium sized and large cells extending from about 2 mm
caudal to 4 mm rostral to the obex, splitting in its more rostral part into a
medial and a principal column, with a small dorsomedial group sometimes

+3
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Fig. 8. Location. The positions of forty-six cardiac efferent neurones are
shown on four standard sections of the medulla taken at obex level, and at
1 mm intervals rostrally. Inserts, 2 mm square, show details of their rela-
tion to the structure of the nucleus ambiguus. Abbreviations: TS, tractus
solitarius; DNV, dorsal motor nucleus of the vagus; NA, nucleus ambiguus.
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distinguishable from the main body of the principal column. No cardio-
motor neurone was found further than 0 5 mm caudal to the obex. They
were found extending in a column from obex level for about 3 mm ros-
trally, their greatest density being in the middle of this range. They can be
seen most commonly in the lateral and ventrolateral aspects of the nucleus,
and rostrally, they are clearly associated with the principal rather than the
medial column. They do not appear to correspond well to the nucleus
retrofacialis as we originally suggested (McAllen & Spyer, 1975).

Dorsal motor nucleus of the vagus
We did not find any cardiac efferent neurones that obeyed our criteria

with the region of the dorsal motor nucleus of the vagus. However, a nega-
tive statement such as this begs the question of how thoroughly the area

A 6 B
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Fig. 9. Dorsal motor nucleus units. A show sets of ten superimposed sweeps
of the dorsal motor nucleus of the vagus (DNV) unit responses to stimula-
tion of cervical vagus (1); thoracic vagus below the azygos vein (2) and
lack of response to cardiac branch stimulation (3). Stimuli marked by dots.
B shows a histogram of the conduction velocities of thirty-three DNV units.

was explored. To add weight to this conclusion, a series of experiments
were done in which we identified motoneurones throughout the extent of
the dorsal motor nucleus of the vagus by their antidromic response to
stimulation of the intact cervical vagus (cf. Fussey, Kidd & Whitwam.
1973). Units thus isolated were then tested for their response to stimula-
tion of the cardiac branches and the remainder of the thoracic vagus. The
data presented is for single units, but it is supported by extensive multi-
unit records. As can be seen from the calculated conduction velocities
(Fig. 9B) they comprise a completely different population to the cardio-
motor neurones described earlier. Almost all their axons fall in the C fibre
range which does not include the cardio-inhibitory fibres (Middleton et al.
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1950; R. M. McAllen & K. M. Spyer, unpublished observations). The
majority of those tested (fifteen out of twenty) were also fired antidromi-
cally from the thoracic vagus, but not the cardiac branches (Fig. 9A).
Three could be fired by high voltage stimulation of the cardiac branch
(thresholds, 12, 20 and 22 times the thresholds for bradycardia on stimula-
ting the intact cardiac branches, i.e. outside our criteria). In one case we are
confident that this high stimulus intensity was not spreading to the rest
of the thoracic vagus as stimulation of the thoracic vagus was ineffective.
In all three cases the conduction velocity of the axon was in the C fibre
range.

DISCUSSION

The results presented in the previous section have shown that there is a
population of neurones in the nucleus ambiguus, extending rostrally from
the level of the obex, which send fibres to the right cardiac branches of the
thoracic vagus. The axons of these neurones are B fibres and the threshold
for their activation is closely related to the intensity of stimulation required
to produce bradycardia when the intact vagal branches were stimulated.
These observations give rise to two main questions. Firstly, are the fibres,
and consequently the antidromically identified neurones in the medulla,
cardio-inhibitory in function? And secondly, are the units identified within
the nucleus ambiguus cell bodies of cardiomotor neurones, or do they
reflect the activity of fibres en peasant from cells elsewhere?
We would liketo consider that these neurones are cardiomotor in function.

In support of this conclusion, we have provided evidence that cardio-
inhibitory fibres of the right vagus course in the cardiac branches we identi-
fied, and that the contamination ofthese branches with other vagal efferent
fibres was likely to be small. In this context only vagal efferent fibres are
important; the admixture of sympathetic fibres is irrelevant since they
do not originate in the brain, and the fact that the cardiac branches used in
this study may contain a majority of afferent fibres (Agostoni, Chinnock,
Daly & Murray, 1957) need not concern us except in the unlikely event of
our recording from the intracranial part of an afferent fibre and mistaking
this response for an antidromically activated motoneurone (see below).
With respect to the non-cardiac vagal efferent fibres that we considered to
be the most likely contaminants, we checked anatomically that the rele-
vant branches coursed towards the heart and not to the lungs or oesopha-
gus, and have shown functionally that they did not contain a significant
proportion of either bronchial or oesophageal motor fibres. We did not
investigate the possibility of their containing fibres controlling mucus
secretion, although one would expect these to travel with the correspond-
ing motor supply.
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Whilst this evidence suggests strongly that we have been dealing with

cardiac vagal efferent neurones, we have no means of distinguishing those
with negative inotropic or dromotropic function from those with a negative
chronotropic function, if, indeed, they have different preganglionic fibres,
since they probably travel in the same branches. Furthermore it has been
suggested that the dorsal motor nucleus contains neurones whose axons
might be destined for the coronary vessels (Calaresu & Cottle, 1965) and
this may account for our finding three C-fibre axons in the cardiac branches
from cells in the dorsal motor nucleus.

Thus, we are led to the conclusion that no group of vagal efferent
neurones other than cardio-inhibitory ones, is likely to have contributed sig-
nificantly to the population of motoneurones described in this paper. But
finally, even if only a proportion of the units antidromically activated from
the cardiac branches is cardio-inhibitory in function, our conclusion is still
valid. Middleton et al. (1950) have shown that cardio-inhibitory fibres are
B-fibres. Our experiments have shown that efferent B-fibres in the cardiac
branches do not originate in the dorsal motor nucleus, but only in the
nucleus ambiguus: this must therefore also be true of cardio-inhibitory
fibres.
The second point that needs to be answered is whether the units anti-

dromically activated from the cardiac branches do indeed represent the
activity of cell bodies, or merely of the axons of cells situated elsewhere.
While it is not possible to answer this unequivocally, several pieces of
evidence taken together provide support for our contention that our
recordings were from somata. Firstly, a number of identified units had a
clear inflexion on the rising phase of the spike potential, which has been
seen in recordings from cell bodies elsewhere in the central nervous system
(Eccles, 1964). Secondly, the activity of single cardiomotor neurones
could usually be recorded over depths of 100,um or more, and were found
to be best recorded with low impedance micro-electrodes. Elsewhere we
have argued that our recording techniques are unlikely to discriminate the
activity of single fibres (Lipski et al. 1975; see also Salmoiraghi & Burns,
1960), and indeed in the present series of experiments all electrode penetra-
tions that reached the nucleus ambiguus would have passed through the
motor nerve tract of the vagus, but none of the antidromically activated
units was found there. Further, no constant-latency response was found
anywhere in the medulla with a latency corresponding to that of the popu-
lation of afferent A-fibres in the caudovagal branch (Oberg & Thoren,
1973).

Together, these observations argue strongly that the cell bodies of vagal
cardio-inhibitory neurones are located in the nucleus ambiguus in the cat's
medulla. Although this contradicts the classical view, it is in keeping with
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more recent evidence. The traditional histological methods (looking for
chromatolytic neurones after section of various nerve branches) have
yielded different results in different hands (see Mitchell & Warwick, 1955).
Some of the disagreement may be due to genuine species differences, but
this still would not explain different results on the same species. The
variability of results from this method might be due in part to the prob-
lems of looking for changes in a small number of cells against the back-
ground of a complex surgical exposure, which might damage many other
fibres; and probably part is a result of the subjectivity of assessment and
variability of such changes (Brodal, 1969). The reverse method - making
lesions in the brain and following the resultant wallerian degeneration in
peripheral fibres - has provided weak or no support for the dorsal motor
nucleus (Szentagothai, 1952; Calarescu & Cottle, 1965), but strong support
for the nucleus ambiguus (Szentagothai, 1952). However, the degeneration
seen by Szentagothai might equally have been due to interruption of
the efferent fibre tract, leaving the question of the site of the cell bodies
unanswered.

Similar problems exist for the interpretation of results of the other
traditional technique, electrical stimulation. As mentioned earlier, the
production of bradycardia by electrical stimulation of the medulla does not
necessarily mean that cardio-inhibitory neurones were directly stimulated.
In view of the large number of possibilities of obtaining a vagal brady-
cardia on central stimulation, one is perhaps justified in paying more atten-
tion to negative results. In this context, Calaresu & Pearce (1965) were
unable to obtain bradyeardia on stimulating within the dorsal motor
nucleus in cats, a finding confirmed by Gunn et al. (1968), who addition-
ally showed that the nucleus ambiguus gave positive results. In the dog,
however, both loci were effective (Gunn et al. 1968). Surprisingly, in other
experiments Calaresu has been able to produce bradyeardia on stimulating
the dorsal motor nucleus (Thomas & Calaresu, 1974) although in this case
the response was markedly attenuated by sodium pentobarbitone, while
the heart rate response to stimulating the nucleus ambiguus remained
unaltered.
More convincing evidence that cardio-inhibitory neurones are not in the

dorsal motor nucleus in the cat has been provided by the ablation experi-
ments of Kerr (1967, 1969) and Borison and Domjan (1970). Kerr (1967,
1969) found that chronic unilateral destruction of the dorsal motor nucleus
did not cause significant degeneration of cardio-inhibitory fibres in the
ipsilateral vagus, although this procedure evidently did cause degeneration
of fibres subserving gastric secretion (Kerr & Preshaw, 1969). The remain-
ing possibility of their arising solely from the contralateral dorsal motor
nucleus was eliminated by Borison & Domjan (1970), who destroyed the
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dorsal motor nucleus bilaterally in acute experiments, and found that
central ischaemia could still give rise to vagal bradycardia.
While the preceding evidence is convincing that cardio-inhibitory

neurones originate outside the dorsal motor nucleus, other methods were
necessary to define their location more exactly. We believe that, subject to
the points we have discussed, the present results give the best indication
of where the cell bodies are to be found; that is, in the lateral part of the
nucleus ambiguus, rostral to the obex. However, this evidence was ob-
tained in the cat, and we are aware that there may be differences in other
species (Gunn et al. 1968), but preliminary observations on the dog
(R. M. McAllen & K. M. Spyer, unpublished observations) suggest that
their distribution there is similar.

This work was supported in full by a programme grant from the M.R.C. We wish
to thank Miss D. Simmons and Mr D. Miller for excellent technical assistance and
Miss Y. Smith for histological preparations.
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